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Department, Centre for Infectious Disease Surveillance and Control, Public Health England, London, UKAbstractPrevious research has shown that Escherichia coli infection rates peak in the summer; however, to date there has been no investigation as to
whether this is seen in both hospital and community-onset cases, and how this differs across regions. We investigated and quantiﬁed E. coli
bloodstream infection (BSI) seasonality. A generalized additive Poisson model was ﬁtted to mandatory E. coli BSI surveillance data reported in
England. There was no impact of seasonality in hospital-onset cases; however, for the community-onset cases, there was statistically signiﬁcant
seasonal variation over time nationally. When examined regionally, seasonality was signiﬁcant in the North of England only. This variation
resulted in an absolute increase of 0.06 (95% CI 0.02–0.1) cases above the mean (3.25) in each hospital trust for each week of the peak
summer season, and a decrease of (−) 0.07 (95% CI –0.1 to –0.03) in the autumn. We estimate that fewer than one hospital bed-day
per week per hospital is lost because of seasonal increases during the summer. Our ﬁndings highlight the need to understand the distinct
community and hospital dynamics of E. coli BSI, and to explore the regional differences driving the variation in incidence, in order to
design and implement effective control measures.
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E-mail: sarah.deeny@phe.gov.ukIntroductionThere is increasing concern about the growing epidemic of
Escherichia coli, particularly for those strains that are resistant to
multiple antibiotics [1]. Evidence from surveillance systems in
England has shown that, in contrast to methicillin-resistant
Staphylococcus aureus bloodstream infections (BSIs) and Clos-
tridium difﬁcile infections, the number of BSIs due to E. coli has
been increasing year on year, with a 20% increase from 2009 toMicrobiol Infect 2015; 21: 924–929
own Copyright © 2015 Clinical Microbiology and Infection published by Elsevier Ltd on behal
p://dx.doi.org/10.1016/j.cmi.2015.06.0232013, when a total of 31 023 cases were reported [2], with an
estimated mortality rate of 18.2% (95% CI 17.8–18.7%) [3].
The reason for this sustained increase is unclear [2], and a
number of factors—poor treatment and prevention of urinary
tract infections (UTIs), antibiotic resistance, and poor catheter
care—have been suggested to have contributed to it [4]. There
therefore remains a clear need to understand the epidemiology
and drivers of E. coli infections.
There is an emerging consensus that Gram-negative infection
rates are seasonal, peaking in the summer months and corre-
lating with increasing temperatures [5–8]. However, previous
evidence of seasonality in E. coli BSIs did not distinguish between
hospital-onset and community-onset cases [9], which may have
different underlying foci of infection and thus different epide-
miologies and natural histories [3]. There has also been a lack off of European Society of Clinical Microbiology and Infectious Diseases. All rights reserved
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clinical impact of any seasonality [10]. This is particularly
important in countries such as England, where there is regional
variation in the incidence of E. coli BSIs, with higher rates of
infection in the North of England [2].
Understanding differences in the epidemiology, in this case
seasonality, of community-onset and hospital-onset E. coli BSIs
is important to inform the design of control strategies, con-
trolling for factors that differ between hospital-onset and
community-onset cases. It will also allow us to interpret sur-
veillance data more accurately (allowing trends to be moni-
tored) and to enable interventions to be evaluated in a robust
way, controlling for seasonality, or not, as appropriate. Like-
wise, in a country where there is evidence of regional het-
erogeneity, understanding geographical differences in the
epidemiology of E. coli BSIs is essential in order to design
control measures that can be implemented and evaluated in a
robust manner that is appropriate to each region.
The aims of this study were to quantify patterns of season-
ality regionally and nationally for E. coli BSIs, and to separately
examine the impact in hospital-onset cases.Materials and methodsThe dataset consisted of mandatory reported details of every
BSI with a blood specimen that tested positive for E. coli
collected between July 2011 and December 2013 from all
National Health Service (NHS) trusts, of which there were
167 (NHS trusts are groups of hospitals under the same
management), via a web-enabled surveillance system held by
Public Health England (PHE) [2]. Details included in our
dataset were the dates of admission, date of blood specimen
collection, and hospital code. A case was deﬁned as a
hospital-onset case if the BSI specimen collection date was
on or after the third day, where day 1 was the date of
admission, and as a community-onset case if it occurred
before, or within 2 days, of admission.
We removed from the dataset episodes without admission
date, specimen date, and hospital site code. We also removed
episodes reported from hospitals in one NHS trust with
incomplete reporting standards over the period of the dataset.
We aggregated the reported data per NHS hospital site by
week, using the date of blood specimen collection as the time of
onset of E. coli BSI.
We analysed all BSIs at a national level, and community-onset
and hospital-onset cases separately, to determine seasonality.
We then stratiﬁed the dataset and our analyses according to
English regions (North of England, Midlands and East of England,
London, and South of England). Regional geographicalCrown Copyright © 2015 Clinical Microbiology and Infection published by Elsevier Ltd on behalfboundaries [11], mid-year population numbers [12] and over-
night bed availability [13] were used as described previously [2].
We analysed weekly observations of E. coli counts by using a
generalized additive Poisson model, with a log link, by the use of
a method that has been described in detail previously [14–16].
Two effects were controlled for in the basic model. First,
hospital was introduced as a categorical variable, to allow for
differences in weekly counts between hospitals due to differ-
ences in size and case mix. Second, a ﬁxed linear polynomial by-
hospital interaction term was included to accommodate varying
rates of change (primarily increase) over the 131-week period
in observed E. coli BSIs per site.
A seasonal effect was added to the model, by the use of a
cyclic periodic penalized cubic regression spline ﬁtted to the
week of the year variable. Equations describing the model
structure are provided in Doc. S1. To determine the presence
or absence of seasonal variation, the model ﬁt was compared
with and without this seasonal term. The distributional
assumption under the null hypothesis (chi-square) does not
have a ﬁrm theoretical basis, and is conditional on the
smoothing parameter (i.e. the degrees of freedom estimated for
the smooth term). Therefore, the p-value provided by the
generalized additive model for the seasonal trend is an
approximation [16], and is not the most appropriate method in
this context for model ﬁtting. Therefore, to compare model
ﬁts, we quantiﬁed the reduction in the Akaike information
criterion (AIC) to determine whether seasonality should be
included in the ﬁnal model.
The per hospital per week impact of seasonality in an average
hospital was quantiﬁed by calculating the increase/decrease in
number of E. coli BSIs relative to the weekly mean for each
week of the year, as predicted by the seasonal model. We
deﬁned the seasons bounded by the solar solstice and equinox
for each year, i.e. winter (mid-December to mid-March), spring
(mid-March to mid-June), summer (mid-June to mid-
September), and autumn (mid-September to mid-December).
We carried out the statistical analysis on all data, then
restricted the dataset to hospital-onset E. coli BSIs, and then
repeated the analysis for community-onset BSIs. In each case,
we examined the full national dataset, and then carried out the
same analysis for each region. All analyses were performed with
R 3.0.1 (Team R Development Core; http://cran.r-project.org/)
by use of the R package mgcv [17] and splines [18].ResultsBetween 1 July 2011 and 31 December 2013, 82 136 E. coli BSIs
were reported to the E. coli mandatory surveillance database by
11 November 2013. When the dataset was restricted to thoseof European Society of Clinical Microbiology and Infectious Diseases. All rights reserved,
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TABLE 1. Description of Escherichia coli BSI data from eligible National Health Service (NHS) trusts
Geographical area and
place of onset N
Total cases per
100 000 populationa
Cases per 100 000
bed-daysa
Median/mean
All cases per
hospital per week
Inter-quartile
range (Q1–Q3)
Number of weeks 131 — — — —
National (all) 79 155 148 9 3/3.25 2–4
National (HOC) 19 374 36 2 1/1.50 1–2
PHE region All/HOC All/HOC All/HOC All All
Londonb 11 910/3162 143/38 9/2 3/2.88 1–4
Midlands and East of England 22 461/5004 533/116 37/8 3/3.43 2–5
North of England 26 715/7135 880/232 46/12 3/3.33 2–4
South of England 18 069/4072 646/148 45/10 3/2.98 2–5
HOC, hospital-onset cases; PHE, Public Health England.
aDenominator data taken from Ofﬁce of National Statistics (ONS) mid-year population size [9] and NHS available bed-days [10] as described in [6].
bLondon is an integrated PHE region.
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there were 79 155 E. coli BSIs remaining. In the restricted
dataset, 25% (19 374/79 155) of cases occurred 2 days after
admission and were deﬁned as hospital-onset cases.
Between 1 July 2011 and 31 June 2013, there was a 5% in-
crease in the total annual number of E. coli BSIs reported. The
average number of cases reported per week increased from
606 in 2011–2012 to 629 in 2012–2013. When adjusted for
the mid-year resident population size [2,12,13], the North had
the greatest number of reported cases over the time-scale of
the study (199 per 100 000 persons); further details are pro-
vided in Table 1.
A model that included seasonal variation and a linear in-
crease in the number of E. coli BSIs over time provided the best
description of the weekly data nationally as measured with the
AIC. We estimated a statistically signiﬁcant weekly increase
during the summer season of 0.06 (95% CI 0.02–0.10) E. coli
BSIs per week with this model.
We estimated that, with a mean of 3.25 E. coli BSIs per
hospital per week, this would increase to a mean of 3.31 E. coli
BSIs per week in summer, leading to, when summed over the
season, an extra 0.5 BSIs per hospital for the total summer
period and 0.5 fewer BSIs per hospital each autumn.
The results for each region are provided in Fig. 1 and
Table 2. Seasonality improved the ﬁt of the model when
measured with the AIC (from an AIC value of 29 816 to an AIC
value of 29 778) in the North (Table 2). There were much
smaller improvements in the AICs for the Midlands (from an
AIC value of 24 755 to to an AIC value of 24 737), South (from
an AIC value of 21 904 to an AIC value of 21 883), and London
(from an AIC value of 14 581 to an AIC value of 14 577). When
we quantiﬁed the weekly impact of seasonality, this was sta-
tistically signiﬁcant in the North of England only, as shown in
Fig. 1 and Table 2.
We then examined the hospital-onset cases only; adding a
seasonal component to this statistical model did not improveCrown Copyright © 2015 Clinical Microbiology and Infection published by Elsevier Ltd on behalf
CMI, 21, 924–929the ﬁt as measured with the AIC (Fig. 1; Table 2), indicating that
seasonality did not affect the variation in this group. Given that
there was no evidence for seasonality in the hospital-onset
E. coli BSIs and that they constituted only 25% of the full data-
set, it is reasonable to assume that any seasonal effects in the
dataset arise from community-onset E. coli BSIs. This was
conﬁrmed by the results of an analysis of community-onset
cases only, which did not differ from that of the whole data-
set (data not shown).DiscussionWe have shown for the ﬁrst time that seasonality is not
observed in hospital-onset E. coli BSIs. We have also shown
the regional variation in the impact of seasonality on E. coli BSI
rates, and that the clinical impact of seasonal variation is
modest. According to our ﬁndings, any national indication of
seasonality in the overall data in England is due to seasonal
increases predominantly in the North of England and in
community-onset cases. Our ﬁndings contrast with those of
international studies [5–8], which have emphasized the
importance of seasonality in the occurrence of Gram-negative
infections.
In explaining the ﬁndings from previous research, the au-
thors suggested that higher temperatures encourage E. coli
bacterial growth, persistence, or virulence, or an increase in
dehydration-related E. coli UTI rates [6]. We would suggest that
any interventions focusing solely on preventing seasonal drivers
of E. coli infections (i.e. prevention of dehydration and UTIs in
the summer months only) are unlikely to have a signiﬁcant
clinical impact on the occurrence of BSI in most regions of
England, and are likely to have a limited impact on hospital-
onset cases.
Our analysis had several limitations. First, we did not analyse
temperature and humidity in our study. Given that seasonalityof European Society of Clinical Microbiology and Infectious Diseases. All rights reserved,
FIG. 1. Seasonal variation in Escherichia coli bloodstream infections (BSIs). Fitted cyclic penalized cubic regression splines (representing seasonal
variations) for the linear model ﬁtted to weekly reported counts of all national E. coli BSIs (National) and hospital-onset E. coli BSIs (National hospital
onset) are shown. All E. coli BSIs in each region (North, Midlands and East, South, and London), with 95% CIs plotted as dashed lines and mean
expected value, plotted as a solid horizontal line with a y-intercept of 1, are shown. All plots are on the normal scale.
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suggest that a simple association between higher temperatures
and increased infection rates does not seem to hold in England.
Additionally, we suggest that purely meteorological factors
cannot explain the lack of seasonality seen in hospital-onset
cases. Second, we did not include information on patient
comorbidities and age in our analysis. However, controlling for
between-hospital variation will control for the patient-related
case mix, and the average age of patients with E. coli BSI does
not vary signiﬁcantly with season. Third, we had no information
on the antibiotic resistance proﬁle of the E. coli isolates; this
may play an important role in the regional variation seen in the
analysis, and will be an important subject for future research,
although any potential impact on variation in seasonality is
unclear. Finally, and most importantly, as reporting of E. coliCrown Copyright © 2015 Clinical Microbiology and Infection published by Elsevier Ltd on behalfinfections is mandatory only for BSIs, we are certainly under-
estimating the total burden of E. coli infection and reservoirs of
transmission from UTIs [1].ConclusionIn conclusion, we believe that our ﬁndings highlight the need to
understand distinct community and hospital dynamics of E. coli,
including UTIs and other infections [1]. Furthermore, as sea-
sonal variation does not explain the regional differences in
hospital-onset and community-onset E. coli infections, more
research is required: ﬁrst, on the demographic, socio-economic
and microbiological variation that may drive regional differ-
ences; and second, to explore local variations in clinical andof European Society of Clinical Microbiology and Infectious Diseases. All rights reserved,
CMI, 21, 924–929
TABLE 2. Modela results: predicted impact of seasonal trends
Geographical area and BSI
place of onset
Additional Escherichia coli
BSIs per week per hour at
maximum week of year,
mean (95% CI)
Reduction in numbers of
E. coli BSIs per week per
hour at minimum week of
year, mean (95% CI) Peak/trough season
National (all) 0.06 (0.02 to 0.10) –0.07 (–0.11 to –0.03) Summer/autumn
National (HOC) 0 (–0.03 to 0.03) 0 (–0.03 to 0.03) Noneb
Region (all)
Londonc 0.03 (–0.03 to 0.09) –0.03 (–0.09 to 0.04) Summer/autumn
Midlands and East of England 0.05 (–0.01 to 0.11) –0.05 (–0.1 to 0.01) Summer/winter
North of England 0.07 (0.01 to 0.14) –0.09 (–0.16 to –0.02) Summer/autumn
South of England 0.03 (–0.03 to 0.1) –0.04 (–0.1 to 0.03) Summer/winter
BSI, bloodstream infection; HOC, hospital-onset cases.
aModel: hospital (categorical variable); linear polynomial cyclic and periodic penalized cubic regression spline.
bNo seasonality, determined by: no change in Akaike information criterion of model with inclusion of seasonal spline.
cLondon is an integrated Public Health England region.
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pital, to ultimately understand and stem the increasing burden
of E. coli infection.Transparency declarationNone of the authors has any ﬁnancial conﬂicts of interest to
declare. The funding bodies had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript. The views expressed are those of the au-
thors, and not necessarily those of the NHS, the National
Institute for Health Research (NIHR), the Department of
Health, or PHE.AcknowledgementsWe wish to thank all NHS hospitals and laboratories who have
contributed data to the mandatory surveillance scheme for E. coli
bacteraemia. This research has received funding (S. R. Deeny, J. V.
Robotham and E. van Kleef) from the European Community’s
Seventh Framework Programme FP7/2007-2013 under agree-
ment no. 282512. The research was partially funded by the
NIHR Health Protection Research Unit (HPRU) in Healthcare
Associated Infection and Antimicrobial Resistance at Imperial
College London, in partnership with PHE (grant number
HPRU_2012_10047) and partially funded by theUKNIHRHPRU
in Modelling Methodology at Imperial College London, in part-
nership with PHE (grant number HPRU-2012-10080).Appendix A. Supplementary materialSupplementary material related to this article can be found at
http://dx.doi.org/10.1016/j.cmi.2015.06.023.Crown Copyright © 2015 Clinical Microbiology and Infection published by Elsevier Ltd on behalf
CMI, 21, 924–929References[1] Nabet C, Raoult D. The hidden epidemic of Escherichia coli. Clin
Microbiol Infect 2014;20:792–3.
[2] Gerver S, Sinnathamby M, Bou-Antoun S, Kauser S, Canvin M,
Abernethy J, et al. Annual epidemiological commentary: mandatory
MRSA, MSSA and E. coli bacteraemia and C. difﬁcile infection. London:
Public Health England; 2014.
[3] Abernethy JK, Johnson AP, Guy R, Hinton N, Sheridan EA, Hope RJ.
Thirty day all-cause mortality in patients with Escherichia coli bacter-
aemia in England. Clin Microbiol Infect 2015;21:251.e1–8.
[4] Schlackow I, Stoesser N, Walker AS, Crook DW, Peto TEA,
Wyllie DH. Increasing incidence of Escherichia coli bacteraemia is driven
by an increase in antibiotic-resistant isolates: electronic database study
in Oxfordshire 1999–2011. J Antimicrob Chemother 2012;67:
1514–24.
[5] Schwab F, Gastmeier P, Meyer E. The warmer the weather, the more
gram-negative bacteria— impact of temperature on clinical isolates in
intensive care units. PLoS One 2014;9:e91105.
[6] Eber MR, Shardell M, Schweizer ML, Laxminarayan R, Perencevich EN.
Seasonal and temperature-associated increases in gram-negative bac-
terial bloodstream infections among hospitalized patients. PLoS One
2011;6:e25298.
[7] Perencevich EN, McGregor JC, Shardell M, Furuno JP, Harris AD,
Morris Jr JG, et al. Summer peaks in the incidences of gram negative
bacterial infection among hospitalized patients. Infect Control Hosp
Epidemiol 2008;29:1124–31.
[8] Al-Hasan MN, Lahr BD, Eckel-Passow JE, Baddour LM. Seasonal vari-
ation in Escherichia coli bloodstream infection: a population-based
study. Clin Microbiol Infect 2009;15:7–10.
[9] Chazan B, Colodner R, Edelstein H, Raz R. Seasonal variation in
Escherichia coli bloodstream infections in northern Israel. Clin Micro-
biol Infect 2011;17:851–4.
[10] Wilson J, Elgohari S, Livermore DM, Cookson B, Johnson A,
Lamagni T, et al. Trends among pathogens reported as causing bac-
teraemia in England, 2004–2008. Clin Microbiol Infect 2011;17:451–8.
[11] Public Health England. Contacts: PHE regions and local centres. 2013
[accessed 22.06.15], https://www.gov.uk/contacts-phe-regions-and-
local-centres.
[12] Ofﬁce of National Statistics. Ofﬁce for National Statistics mid-year
population estimates. 2014 [accessed 22.06.15], http://www.statistics.
gov.uk/statbase/Product.asp?vlnk=15106.
[13] Bed availability and occupancy data—overnight n.d. http://www.
england.nhs.uk/statistics/statistical-work-areas/bed-availability-and-
occupancy/bed-data-overnight/ [accessed 22.06.15].of European Society of Clinical Microbiology and Infectious Diseases. All rights reserved,
CMI Deeny et al. Seasonal changes in the incidence of Escherichia coli 929[14] Van Kleef E, Gasparrini A, Guy R, Cookson B, Hope R, Jit M, et al.
Nosocomial transmission of C. difﬁcile in English hospitals from patients
with symptomatic infection. PLoS One 2014;9:e99860.
[15] Goldstein H. Multilevel statistical models. 4th ed. Chichester: Wiley-
Blackwell; 2010.
[16] Wood SN. Generalized additive models: an introduction with R. 1st
ed. London: Chapman and Hall/CRC; 2006.Crown Copyright © 2015 Clinical Microbiology and Infection published by Elsevier Ltd on behalf[17] Wood AS, Wood MS. Mixed GAM computation vehicle with GCV/
AIC/REML smoothness estimation. 2015. http://cran.r-project.org/
web/packages/mgcv/mgcv.pdf.
[18] Bates DM, Venables WN. Splines: regression spline functions and
classes. 1999. http://cran.r-project.org/src/contrib/Archive/splines/.of European Society of Clinical Microbiology and Infectious Diseases. All rights reserved,
CMI, 21, 924–929
